In order to throw additional light on this month's circulation, figure 1 was supplemented by two charts showing the geographical distribution of monthly mean geostrophic vorticity a t the 700-mb. level. Figure 2 gives the vertical component of the mean vorticity relative to the earth's surface, computed at standard 5' intersections of latitude and longitude from the 700-mb. contour field ( fig.  I ). ' The vorticity values are considerably smaller in magnitude than corresponding values computed from daily sea level maps [I] , nevertheless a well-defined pattern is evident. The influence of wind shear is indicated by the fact that cyclonic vorticity generally prevails north of the latitude of the mean 700-mb. jet stream (40'-45' N.) and anticyclonic vorticity to the south. The effect of contour curvature is also noticeable. As one would expect, regions of cyclonic vorticity in figure 2 generally correspond with regions of cyclonic curvature in figure 1 , while anticyclonic vorticity prevails in regions of anticyclonic curvature. Even more striking is the close connection between relative vorticity a t 700 mb. and isobar curvature at sea level, as can be seen by comparing figure 2 with Chart XI2. Centers to be a good index of the mean sea level circulation This is particularly true of monthly mean maps where quasi-barotropic conditions usually prevail. Figure 3 gives the vertical component of the absolute geostrophic vorticity for the month of January 1951. It was prepared by simply adding the Coriolis parameter to values of the relative vorticity computed for figure 2. As a result the absolute vorticity generally increases in ma,gnitude with increasing latitude and the isopleth pattern is primarily sinusoidal in character.
The lines of absolute vorticity in figure 3 parallel the contours in figure 1 so that ridge lines on the former chart, drawn through the points of maximum vorticity along latitude circles, generally coincide with trough lines on the latter chart, drawn through points of minimum height along latitude circles. When used in conjunction with the mean circulation at 700 mb. ( fig. 1 ) and sea level (Chart XI), figure 3 may be of assistance in delineating the prevailing tracks of migratory cyclones and anticyclones, since Kuo [2] has shown that (on daily maps a t least) cyclonic vortices should tend to be driven toward regions of higher absolute vorticity and anticyclonic vortices toward regions of lower absolute vorticity.
For example, Chart X shows that there were two principd tracks of cyclones during the month, one from the Gulf of Alaska along the border between the United States and Canada through Labrador to Iceland, and the other from the southern half of the Great Plains through the Great Lakes and the St. Lawrence Valley to Iceland. Both paths correspond in most respects to the axes of maximum vorticity, except that the cyclone track is displaced slightly to the south of the vorticity maximum in western North America and slightly to the east in eastern North America. These displacements are reflected in corresponding differences in the location of the mean troughs at sea level and 700 mb. and can be attributed to the normal horizontal temperature gradient.
It is noteworthy that several cyclones in the eastern
Pacific and western North America crossed the 700-mb. contours in the direction of higher height, while the track of nearly all storms in eastern North America and the western Atlantic was across the mean contours toward lower height, but in both cases the crossings were toward higher absolute vorticity. The anticyclone tracks (Chart IX) are more diffuse than the tracks of cyclones, and it is difficult to delineate the principal paths. Nevertheless, the tracks are clustered in three main regions, the southeast Pacific, northwest Canada, and the southeast United States. Each of these seats of anticyclonic activity was characterized by the presence of mean centers of high pressure at sea level and anticyclonic v0rticit.y at 700 mb. On the other hand, areas of low pressure and cyclonic vorticity in the Gulf of Alaska, north Atlantic, and eastern Canada were notably free of anticyclonic activity. I t may also be significant that the anticyclone tracks crossed the mean 700-mb. flow toward regions of lower absolute vorticity in both western North America where they moved mainly southward, and eastern North America and the Atlantic, where they moved mostly eastward.
THE WEATHER
The circulation features discussed above were reflected in this month's weather in the United States. Along the principal cyclone track in the lower Mississippi and Ohio Valleys and the Northeast, just to the east of both the axis of maximum cyclonic vorticity and the mean troughs a t sea level and aloft, precipitation generally totaled more than four inches (Chart 11) and exceeded the seasonal normal (Chart 111, A and B). Much of this precipitation was in the form of snow (Chart IV) which fell in greater than normal quantity (Chart V, A). I n addition, average cloudiness in these areas exceeded 60 percent (Chart VI) as well as the seasonal normal (Chart VII, A), sunshine was less than half of the maximum possible (Chart VII, B), and there was less solar radiation than in adjacent regions (trough in isopleths of Chart VIII).
Generally similar conditions prevailed in the northwestern quarter of the country, along the principal cyclone track from the Gulf of Alaska, but the various charts present a more irregular appearance in that area because of mountain effects. Precipitation and cloudiness were also excessive in a zonal band extending from Colorado and northern New Mexico eastward to Missouri and Arkansas, as several old disturbances entering the country from the Pacific regenerated in this area (Chart X). This cyclogenesis was favored by topography and the proximity of a mean trough a t sea level (Chart XI), cyclonic vorticity at 700 mb. (fig. 2) , and a large horizontal temperature gradient (Chart I) with below normal temperatures in the northern and western Plains and above normal temperatures to the south and east (Chart I, inset). As a result of this temperature distribution, snowfall was deficient in the eastern part of the area but excessive in the west (Chart V, A).
In regions of high pressure at sea level and anticyclonic vorticity at 700 mb. the weather elements were generally opposite in character from that discussed above. For example, in the Southeast, where daily anticyclones were frequent and cyclones almost completely absent, precipita.tion, snowfall, and cloudiness were well below normal, while sunshine and solar radiation were abundant. Likewise in part of the Great Basin precipitation and snowfall were deficient. However, cloudiness was excessive in this area and most of the clouds were probably of the stratiform type formed through stagnation and cooling of Pacific air transported by stronger-than-normal westerlies at 700 mb. (fig. 1 ). Precipitation and cloudiness were also below seasonal normals in most of Texas and in parts of the northern Plains. In portions of these regions no precipitation at all was recorded during the entire month (Chart 11). The drought in Texas was due primarily to the "rain shadow effect" as the State was just south of the strongest belt oE westerlies at 700 mb. as well as the principal cyclone track at sea level. Dry weather in the northern Plains was accompanied by anticyclonic conditions at sea level, as attested by the anticyclone tracks (Chart IX) and the presence of both a pronounced mean ridge (Chart XI) and positive pressure anomalies (Chart XI, inset).
The surface temperature anomaly observed in the United States during January 1951 (Chart I, inset) reflected the near-normal character of the 700-mb. circulation for the month ( fig. 1) . The Northeast was the only large area whose average temperature departed from normal by more than 4 O F. This district was abnormally warm primarily because its mean air flow was from a southerly direction relative to normal at both sea level (Chart XI, inset) and 700 mb. In addition 700-mb. heights were somewhat above the seasonal normal. Similar conditions were associated with the warm weather observed in most of the southern and eastern portions of the country. West of the Continental Divide most temperatures were slightly above normal because of the dominance of mild Pacific air transported by stronger-than-normal westerlies at 700 mb. These positive temperature anomalies were larger in the South, where 700-mb. heights were above normal, than in the North, where negative height anomalies were observed. The only extensive areas with below normal temperatures were the northern and western Plains where 700-mb. heights were generally below normal. Cold polar continental air was carried into these regions by several anticyclones which moved south from a mean High in northwest Canada, a t the center of which sea level pressure was 7 mb. above normal (Chart XI, inset). However, the westerlies aloft were stronger than normal ( fig. 1) so that frequent foehn warming alternated with the polar outbreaks and caused temperatures to average above normal in the lower and western parts of the Missouri Valley. The most extreme example of this occurred during the last week of the month a t Goodland, Kans., where the temperature dropped from 79" F. on the 26th to 3" F. on the 27th, or a 76" fall in 18 hours. (See article by Miller and Gould on following pages for a detailed description of this cold wave.)
